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ABSTRACT 


Five integrated faired towline configurations based 
on a blunt nose fairing design were experimentally 
evaluated in the David Taylor Naval Ship Research and 
Development Center deep-water towing basin to determine 
the general towing characteristics of each configuration. 
Mathematical expressions of the normal drag and side force 
coefficients are developed from the measured data. 


ADMINISTRATIVE INFORMATION 
The work described in this report was sponsored by the Naval Air Systems 
Command under Naval Coastal Systems Center WR21203 of 5 October 1981, David Taylor 
Naval Ship Research and Development Center (DINSRDC) Work Unit 1-1541-076. 


INTRODUCTION 

The David Taylor Naval Ship Research and Development Center (DINSRDC) has 
been tasked by the Naval Air Systems Command (NAVAIR) to develop towlines for 
helicopter towed sonar systems with high speed and deep depth requirements 
exceeding the practical capabilities that can be provided with bare, ribbon or 
sectional faired towcables. To achieve the speed/depth requirements with a 
towline length that can be handled in the space limitations of a mine- 
countermeasures (MCM) configured helicopter, the towline should have a high 
tensile strength load-carrying element, a small bending radius, and minimum drag. 
Integrated towline concepts have demonstrated the necessary high-strength, low- 
drag characteristics, but in many cases have demonstrated susceptibility to 
hydrodynamic/mechanical instabilities and shape asymmetries which result in 
excessive towline kiting. 

Integrated towlines developed previously were designed using established 
symmetric airfoil shapes such as the NACA 0020 and NACA 63A022 profiles. A 
modified version of the NACA 0020 towline was evaluated at sea and demonstrated 
acceptable towing characteristics!.* Figure 1 presents a cross-sectional view of 
the NACA 0020 towline, showing the typical features of the integrated towline 
design which include a fiberglass strength member, an elastomeric afterbody 
fairing, electrical conductors anda Dacron®ecloth skin. Although this design 


provides a very high axial strength-to-size towline, it also produces a high 


# 
References are listed on page 39. 


Trade name of DuPont de Nemours, Inc. 
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bending stiffness which requires storage drum and sheave diameters to be approxi- 
mately 2.5 times larger than those required for conventional cables of the same 
maximum thickness (diameter). 

Consequently, the NACA 0020 towline could not be wrapped around a diameter 
smaller than 1.5 m (5 ft) without damaging the electrical conductors or exceeding 
the allowable stresses in the fiberglass strength member. The minimum bending 
radius governs to a large extent the size of the handling equipment, which for the 
NACA 0020 towline design exceeds the space limitations of the MCM helicopter. 
Therefore, to utilize the integrated towline concept for helicopter MCM 
operations, a new towline design was required. 

DINSRDC developed a new fairing shape, designated 8-l18-F, based upon results 
of basin model evaluations“, sonar system power and data transmission 
requirements, towing tension, and space limitations of the MCM helicopter. A 19- 
foot length of experimental 8-18-F towline was obtained for basin evaluations to 
examine its susceptibility to kiting and to obtain hydrodynamic drag and side 
force characteristics. 

This report includes a description of the experimental integrated towline 
configurations, outlines the experiment, instrumentation, and experimental 
procedures used to collect data, and provides the results of the evaluation 
including graphical presentations of the normal drag and side force coefficients 
as a function of Reynolds number and kite angle as a function of towing speed for 
several towline configurations. Basin and at-sea data obtained for the NACA 0020 


integrated towline with truncation are included for comparative purposes. 


DESCRIPTION OF THE EXPERIMENTAL INTEGRATED TOWLINES 

A cross-sectional view of the experimental 8-18-F integrated towline, 
designated Configuration A-l in this report, is presented in Figure 2, and general 
physical characteristics are given in Table 1. The 8-18-F towline materials and 
general construction are similar to those of the NACA 0020 towline, except that 
the strength member was designed with a blunt nose (leading edge) and a recessed 
trailing edge. This shape accommodates the required power and data transmission 
leads, consisting of six AWG number 17 solid copper electrical conductors and four 
50 m optic fiber cores. Each of the electrical conductors and optic fibers is 
coated with a ruggedizing material consisting of an S-glass/epoxy resin. The 


leads are separated into two bundles of three copper conductors and two optic 
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TABLE 1 — GENERAL PHYSICAL CHARACTERISTICS OF THE 8-18-F 
(CONFIGURATION A-1) INTEGRATED TOWLINE DESIGN 


Overall Characteristics 


Section shape” 

Chord, mm (in.) (2.50) 
Maximum thickness, mm (in.) (0.50) 
Weight in air, N/m (lb/ft) — (0.586) 
Weight in sea-water, N/m (lb/ft) (0.193) 
Weight in fresh-water, N/m (lb/ft) (0.204) 


Strength Member 


(Material - 80 percent parallel fiber '"'S" 
P 
glass/20 percent epoxy matrix) 


Cross-sectional area, mm (in.?) (0.0886) 
Breaking strength, kN (1b) (21000) 


Fairing 


®, 


(Skin material - Dupont Hypalon impregnated 
Dacron® cloth D-400) 


(Main body material - Dupont Hypalon 


Skin thickness, mm (in.) 


fibers which are bonded into récesses as shown in Figure 2. The portion of the 
towline strength member separating the two conductor bundles is 1.6-mm (1/16-in.) 
_wide and extends 1.6 mm (1/16 in.) into the Hypalor@afterbody and acts as a key 
to prevent lateral displacement of the afterbody relative to the strength member. 

Figure 3 illustrates the modified 8-18-F towline configurations, designated 
B-l1, C-l1, C-2 and C-3, that also were evaluated in the towing basin. The trailing 
edges of towlines B-l and C-l were truncated using an alternating bevel geometry. 
The B-l geometry was produced by beveling the trailing edge of the A-l towline at 
a 45-degree angle, alternating the bevel from side to side at 0.3-m (12-in.) 
intervals. Configuration C-l was produced by increasing the bevel depth of the 
B-l fairing. The B-l and C-1 geometries reduce the original A-1 towline chord by 


an average of approximately 9 and 16 percent, respectively. 
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Figure 3c - Configuration C-2 (16 Percent Truncation with 
One Chordwise Cut per Foot of Span) 
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Figure 3 (Continued) 
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Figure 3d - Configuration C-3 (16 Percent Truncation With 
Two Chordwise Cuts per Foot of Span) 
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The C-2 configuration was produced by making chordwise cuts to within 12.7 mm 
(1/2 in.) of the C-l1 towline leading edge at 0.3-m (12-in.) spanwise intervals 
along the towline. The C-3 configuration was produced by doubling the number of 
the chordwise cuts from 0.3-m (12-in.) intervals to 0.15-m (6-in.) intervals along 
the towline length. 

For purposes of evaluation, a 5.8-m (19-ft) length of configuration A-1l 
towline was used. The B-l, C-l, C-2 and C-3 configurations were obtained by 
successive modifications of configuration A-1 during the basin evaluation. A 
5.8-m (19-ft) length of NACA 0020 integrated towline (14 percent truncation with 
45 degree alternating bevels) was also evaluated for comparison with the 8-18-F 


configurations. 


EXPERIMENTAL EVALUATIONS 
Experiments to determine the hydrodynamic characteristics of the 8-18-F 
towline design were performed in the DINSRDC deep-water towing basin using the 
general towing arrangement shown in Figure 4. The coordinate system, equipment, 


instrumentation, and procedures used during this evaluation are described below. 


COORDINATE AND FORCE SYSTEM 

The differential equations describing the three-dimensional static 
configuration and tension of a cable in a uniform stream are derived from the 
equilibrium of external forces acting on an element of the cable. A free-body 
diagram showing a segment of cable of elemental length ds acted upon by 
hydrodynamic, hydrostatic, gravitational, and tension forces is illustrated in 
Figure 5. The (X, Y, Z) coordinate system shown is a right-hand, orthogonal 
system fixed in space with the X-axis positive in the direction of tow (or 
negative in the free-stream direction) and the Z-axis positive in the direction of 
gravity. 

The equations are conveniently derived for an orthogonal coordinate system 
fixed to the cable. In Figure 5, the hydrodynamic force has been resolved into 
components Fds, Gds, and Hds where F is the force component per unit length normal 
to the cable in the plane defined by the cable element and the free-stream 
direction, G is the force component per unit length tangential to the cable, and H 
is the (side) force component per unit length normal to the plane defined by the 


cable element and the free-stream direction. The cable-fixed coordinate system 
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Figure 4 - General Towing Arrangement 
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Figure 5 - Definition of Cable Coordinates and Forces Acting 
on a Segment of Towline of Element Length ds 
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defined by the directions of F, G, and H may be obtained by first rotating the 
spatial system by an angle B about the X-axis and then rotating the resulting 


, 


intermediate (X’, Y’, Z’) coordinate system by an angle ¢ about the Y-axis. In 
towed systems nomenclature, the angles 8 and 6 generally are referred to as the 
kite angle and the cable angle, respectively. Since the orientation of the cable 


changes in space, the angles B and 6 are functions of cable length s. 


EQUIPMENT 


3 which 


The depressor used during the evaluation was a DIMB Mark 1 knotmeter 
was modified by replacing the standard knotmeter wing with a larger wing and 
adapting a towpoint that allowed limited pitch, roll, and yaw freedom relative to 
the towline. Top and side views of the knotmeter with the larger wing installed 
are shown in Figure 6. The new knotmeter towpoint, illustrated in Figure 7, 
allows the knotmeter approximately 18 degrees of port and starboard roll freedon, 
20 degrees of pitch freedom, and 30 degrees of port and starboard yaw freedom. 

At the towing carriage, the towline was attached to a gimbaled towpoint 
through a swivel and tension dynamometer arrangement as shown in Figure 8. The 
gimbaled towpoint permitted port and starboard kite angles from 0 to 60 degrees 
and cable angles from 90 to 40 degrees. Both kite and cable angle measurements 
were provided by rotary potentiometers attached to the gimbaled towpoint and to 
the kite and cable angle pivots through anti-backlash gear sets. Both gear sets 
were arranged so that the potentiometer shaft rotation was three times that of the 
corresponding kite or cable angle pivot. The swivel located immediately above the 
towline socket provided the towline 360 degrees of yaw freedom. Tow speed was 
limited to 9.28 m/s (18 knots), which is the maximum speed of the deep-water basin 


towing carriage with this towing load. 


INSTRUMENTATION 

Instrumentation located at the depressor consisted of a +20-degree pendulous 
potentiometer which provided depressor roll angle measurement with an overall 
accuracy of +0.5 degree. 

Instrumentation and analog recording equipment located at the towing carriage 
provided measurements of towing tension, kite angle, cable angle, carriage speed 
and records of all measured data. The tension dynomometer used during the 


evaluation had a 2.7-kN (600-lb) load capacity and provided towing tension 
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Figure 6 - Modified DTMB Mark 1 Knotmeter 
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Figure 8 - Illustration of Gimbaled Towpoint 
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measurements with an overall accuracy of +13.3 N (+3 lb). Two 360-degree rotary 
potentiometers attached to the gimbaled towpoint (Figure 8) provided measurements 
of towline kite and cable angle. These potentiometers, in conjuction with the 
three-to-one ratio gear sets, provided angle measurements of +60 degrees with an 
overall accuracy of +0.3 degree. Carriage speed measurements were supplied from 

a magnetic pickup located on the towing carriage. This speed measurement tech- 
nique has an overall accuracy of +.05 m/s (+0.1 knot). An eight~-channel strip- 


chart recorder was used for readout and recording of all measured data. 


PROCEDURES 

Towing performance was examined for wetted scopes of 3.7 m (12.3 ft) and 
5.7 m (18.8 ft) for towline configurations A-1l, B-l, C-l, C-2 and the 14 percent 
bevel truncated NACA 0020 towline through a speed range from 1.03 m/s (2.0 knots) 
to 9.26 m/s (18 knots). Configuration C-3 was examined through the speed range at 
a scope of 5.7 m (18.8 ft). Depressor roll angle, towing tension, kite angle, 
cable angle, towline wetted scope, tow speed and visual observations of the 


general towing performance were recorded during each experimental run. 


DISCUSSION OF RESULTS 

All of the towline configurations towed in an acceptable manner (i.e., stably 
and with small kiting angles). Figures 9 through 11 present the average corrected 
kite angle for each towline configuration towed at the 5./-m (18.8-ft) scope 
length as a function of tow speed. The corrected kite angles were determined by 
subtracting the measured depressor roll angle from the kite angle measured at the 
gimbaled towpoint for each speed. This corrects for the component of towline kite 
angle induced by the roll angle of the depressor. Averaged data for all measured 
parameters recorded during the evaluation of each towline configuration are listed 
in Table 2. 

As shown in Figures 9 through 11, all of the towline configurations 
demonstrated increasing kite angle with increasing speed up to approximately 
8 knots. Above this speed the kite angle generally remained at a constant value. 
This effect is not a towline characteristic, but is a result of the depressor 
selected for the evaluation. Since the depressor used was a negatively buoyant 
lifting body, the in-water weight tends to dominate the hydrodynamic force at 


speeds below approximately 4.12 m/s (8 knots). At speeds above 4.12 m/s 
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(8 knots), the hydrodynamic force becomes dominant and the system (towline and 
depressor) steady-state force variations become essentially proportional to the 
square of tow speed. 

As shown in Figure 9 configuration A-l1 demonstrated approximately 3 degrees 
of kite at speeds above 4.12 m/s (8 knots). The truncated 0020 towline (shown in 
this figure for comparative purposes) demonstrated 7 degrees of kite from 4.12 m/s 
(8 knots) to 6.19 m/s (12 knots) and at speeds above 7.22 m/s (14 knots) demon- 
strated approximately 4-1/2 degrees of kite. The reduction in the kite angle 
between 6.19 and 7.22 m/s (12 and 14 knots) is believed to be attributable to the 
hydrodynamic forces and moments above 6.19 m/s (12 knots) overcoming those 
produced by the fairing structural instability. 

The kite angles for configurations B-l and C-l are compared to A-1 in Figure 
10. B-l demonstrated approximately 5-1/2 degrees of kite at speeds above 4.12 m/s 
(8 knots), which is approximately 1 degree more kite than configuration A-l, while 
C-1 demonstrated approximately 4 degrees of kite, which essentially is the same 
degree of kite demonstrated by A-l. The slightly larger kite angle measured with 
the B-l configuration is believed to be caused by asymmetries introduced during 
the truncation process. 

Figure 11 presents the kite angle for configurations C-2 and C-3 compared to 
C-1. The C-2 and C-3 configurations demonstrated a trend of reduced kiting with 
increasing frequency of chordwise cuts. Above 4.12 m/s (8 knots) the C-2 configu- 
ration demonstrated 3 degrees of kite and approximately 1-1/2 degrees of kite for 
C-3 while C-l1 demonstrated 4 degrees of kite. 


DETERMINATION OF TOWLINE HYDRODYNAMIC COEFFICIENTS 
The three-dimensional equilibrium configuration and forces of a towline-body 


4 which required the following hydro- 


system were solved using a computer program 
dynamic input parameters: the tension vector at some point on the towline, the 
towline drag and side force coefficients and the towline drag and side force 
loading functions. The towline drag components, normal and tangential, are 
assumed to be the product of a drag per unit length, which is a function of 
Reynolds number Ry and a loading function which is a function of cable angle }$. 
Using this convention, the normal force per unit length F and the tangential force 


per unit length G are of the following form: 
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where R is 


Ra is 


Ce is 


Gs 
en dis 
V is 
v is 
fn» fe 


The negative (-) signs in the equations for F(R 


F(R), 4) 
G(R, 9) 


aE) OE) (1) 
Shy (Reet ee Cay) (2) 


the towline drag per unit length when the towline is normal to the 
direction of tow (R = 1/2 CR tv2), 


the Reynolds number (R, = V c/v), 
the fluid density, 


the towline normal drag coefficient expressed as a function of 


Reynolds number, 

the towline maximum thickness, 
the fairing chord, 

the free-stream flow velocity, 


the fluid kinematic viscosity, and 


are the normal and tangential loading functions, respectively. 


n>» ?) and G(R, >) above 


appear since the towline drag is in the negative (-) X-direction as defined in 


Figure 5. 


For purposes of evaluation, the side force component per unit length is 


assumed to be composed of a product of a maximum side force that is dependent only 


upon Reynolds number R, and a loading function that is dependent only upon cable 


angle > as follows: 


where Ke is 


Camis 


s 


8 is 


H(R,, 6) = Fy (R,) ° fy (4) (3) 


the towline side force per unit length at the cable angle that 
produces the maximum value Ge = 1/2 0 Cy t v2); which for the 
integrated towline occurs when the towline is normal (db = 90 degrees) 


to the direction of tow. 


the towline side force coefficient expressed as a function of Reynolds 


number, and 


the hydrodynamic side loading function. 
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However, in actuality the fairing side force is a function of many other variables 
some of which include angle of attack, camber, and twist along the towline length. 
Since the individual effects of all the variables contributing to the side force 
are currently indeterminate by evaluation or analysis, the expression for the side 
force stated above will only provide an average side-force coefficient for the 
towline segment evaluated. Utilizing the coefficients so determined to predict 
the performance of other towline segments of the same design implies that the 
magnitudes and distributions of the fairing variables causing the side force are 
identical. This implication may not be the case. 

To obtain an estimate of the normal drag and side-loading coefficients the 
form of the loading functions must be known or assumed. For this purpose, 
previously determined normal and tangential loading functions for the 8-18-F 
integrated fairing shape and the NACA 0020 shape! were used. The side-loading 
function for both the 8-18-F and NACA 0020 shapes was defined? as: 


£5 (>) = sin? 6 = 0.5 - 0.5 cos (2 6) (4) 


The loading functions for all of the blunt nose fairing configurations were 
assumed to be those developed for the 8-18-F fairing. These loading functions and 
the NACA 0020 loading functions are shown in Figure 12 and 13, respectively. The 
mathematical expressions for the loading functions are given in Table 3. 

Normal drag coefficients were determined by a regression analysis using the 
three-dimensional computer model program. For each towline configuration and 
speed run, average tension and angle measured at the 3./-m (12.3-ft) scope posi- 
tion were used as starting conditions and the force coefficients (CR and Co) were 
varied until an acceptable agreement of predicted-to-average measured values at 
the 5./-m (18.8-ft) scope position were obtained. 

Side-force coefficients were determined using an analysis technique similar 
to that used to obtain the normal drag coefficients. To determine the average 
value of the side-force coefficient for each full towline length, the parameters 
measured at the 5.8-m (18.8-ft) scope position were used as the starting condi- 
tions in conjunction with the value of Cp determined as described above, and the 
value of Cg was varied until the depressor predicted roll angle agreed with the 


measured value. 
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Mathematical expressions for the normal drag coefficient for fairing 
configurations A-1l, B-l, C-l, C-2 and the NACA 0020 shape, and the side force 
coefficient for configurations A-l, B-l, C-l, and C-2 were determined by fitting 


the coefficients based on measured data with an equation having the general form: 
Cc = At K/R, (5) 


where A and K are constants determined by least-squares curve fitting. 

The values of A and K that provide the best fit to each of the towline 
configuration’s normal drag and side fore coefficients as a function of Reynolds 
number are presented in Table 4. The mathematical relationships presented in this 
table are compared to the normal drag and side force coefficients calculated from 


the average basin data in Figures 14 through 18. 


DISCUSSION OF HYDRODYNAMIC COEFFICIENTS 

The force coefficients presented in Figure 14 indicate that configuration A-l 
has a normal drag coefficient that varies from approximately 0.37 to 0.17 and a 
side-force coefficient that varies from approximately 0.09 to 0.05 at Reynolds 
numbers from 2x 10° to 6 x 10°, respectively. The coefficients determined for 
configurations B-l and C-l1 are presented in Figures 15 and 16. By comparing the 
force coefficients for these configurations to those for the A-l configuration, 
the effects of increasing the percentage of alternating bevel chordwise truncation 
may be examined. The B-l configuration, which had a 9-percent truncation, demon- 
strated an average reduction of approximately 15 percent in the normal drag coef- 
ficient. The C-l configuration, which had a l6-percent bevel truncation, demon- 
strated an increased normal drag coefficient of approximately 19 percent at a 
Reynolds number of 4.5 x 10°, but as the Reynolds number decreased the normal drag 
coefficient approached the value for the A-1l configuration until at a Reynolds 
number of 2.2 x 10° the values of Cp were essentially the same for the C-l and A-l 
configurations. Although there may exist a relationship of Cp as a function of 
percentage alternating bevel chordwise truncation, the limited number of samples 
evaluated in this report do not define such a relationship and at best indicate 
that there is little effect on Cp for alternating bevel truncations up to 


chordwise truncations of 16 percent. 
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Figure 14 - Normal Drag and Side Force Coefficients as a Function 
of Reynolds Number for Towline Configuration A-l 
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Figure 15 - Normal Drag and Side Force Coefficients as a Function 


of Reynolds Number for Towline Configuration B-l 


32 


0.60 


O Cr BASED ON MEASURED DATA 


0.50 
Z FITTED 
Wi 
oO 
Tm 
uw 0.40 
oe) 
1S) 
2 
< 0.30 
a 
= 
<x 
2 0.20 
fo) 
z 
0.10 
0.00 
1 2 3 4 5 6)itn7 noe ROnMO 
; REYNOLDS NUMBER x 10 © 
Figure l6a —- Normal Drag Coefficient 
0.30 
© Cz BASED. ON MEASURED DATA 
2s FITTED 
= 
Zz 
Ww 
(S) 
2 0.20 
Ww 
Ww 
fe) 
oO 
Ww 0.15 
c 
) 
re 
Q 0.10 
n 


0.05 


0.00 
1 2 3 4 5 6 v &8& © © 


REYNOLDS NUMBER x 10° 


Figure 16b - Side Force Coefficient 


Figure 16 - Normal Drag and Side Force Coefficients as a Function 
of Reynolds Number for Towline Configuration C-l 
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Figure 17 - Normal Drag and Side Force Coefficients as a Function 
of Reynolds Number for Towline Configuration C-2 
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The side-force coefficients for the B-l configuration demonstrated an average 
increase of approximately 60 percent when compared to Cg determined for the A-l 
configuration, while the C-l configuration demonstrated an average reduction of 
approximately 12 percent. Although a large variation in side-force coefficient is 
shown for these configurations, these may have been the result of asymmetries 
introduced by the truncation process. Therefore, no distrinct trends for the side- 
force coefficient as a function of percentage alternating bevel chordwise trunca- 
tion are discernible from the coefficients presented. 

The effects of the chordwise cuts may be examined by comparing the force 
coefficients determined for configurations C-l and C-2. The C-1 configuration 
demonstrated a variation in Cp from approximately 0.33 to 0.24 at Reynolds numbers 
from 2.2 x 10° to 4.5 x 10°, respectively. Configuration C-2 for the same 
Reynolds number range as C-1 demonstrated a nearly constant value for Cp of 0.25, 
being essentially equal to configuration C-1 at Reynolds numbers above 3.3 x 10°. 

The C-1 configuration demonstrated a Cy that varied from 0.068 to 0.048 at 
Reynolds numbers from 2.2 x 10° to 4.5 x 10°, respectively. For the C-2 
configuration over the same Reynolds number range the side-force coefficient had a 
value approximately 73 percent lower than the C-l configuration. Based upon this 
result and the actual kite angle measurements presented in a preceding section of 
this report for the C-1, C-2 and C-3 configurations, there is signficant evidence 
suggesting a trend of reduced kite for an increasing frequency of chordwise cuts. 
The mechanism by which the chordwise cuts reduce the kiting is not explicitly 
known, but is believed to be related to the reduced strain these cuts provide in 
the fairing trailing edge when the fairing is bent to the shape of the catenary. 

Figure 18 presents the force coefficients developed for the NACA 0020 shape. 
The normal drag coefficients determined from the basin data are compared to the 
coefficients determined from at-sea data. As can be seen in Figure 18a, the Cp 
values from the basin data agree well with those determined from the at-sea data 
over the Reynolds number range of 2.2 to 5.0 x 10°. The values for Cg determined 
from the basin data are presented in Figure 18b. Basin data only is shown since 
at-sea values of Cy are not available for comparison. As shown in this figure, 
the values of Cy demonstrate a large reduction with increasing Reynolds number. 
This reduction is believed to be attributable to the hydrodynamic forces and 
moments overcoming those produced by the fairing structural instability as 


Reynolds number is increased. 
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The mathematical expressions for the force coefficients determined for 
configuration A-l are used in the Appendix to predict the kiting performance of 
towlines of greater length for selected speeds and depressor forces. Configu- 
ration A-l was selected for the predictions since this configuration demonstrated 
a relatively low side-force coefficient and did not introduce the structural 
uncertainties associated with the towlines incorporating chordwise cuts. Although 
the calculated kiting performance may have limited quantitative value due to the 
imposition of assumptions required when extending these mathematical expressions 
to longer towline lengths, the predictions do provide a qualitative representation 
of the influence of cable scope, tow speed and depressor force on towline kite 
angle at the towing platform for a given mosiilne configuration. In general, these 
calculations indicate that increasing the towline scope for a constant tow speed 
and depressor configuration or increasing tow speed for a constant towline scope 
and depressor configuration increases the kite angle at the towing platform. 
However, for each tow speed there appears to be a maximum value of kite angle at 
the towing platform that all scope lengths approach. This maximum value occurs at 
a discrete value of depressor force (typically low depressor force) for each 
scope. Variations of the depressor force above or below the force that produces 
this maximum kite angle will decrease the kite angle at the towing platform. 

The calculations in the Appendix also indicate that, for a selected maximum 
allowable kite angle at the towing platform of 30 degrees, towline lengths of 
configuration A-l approaching 457 m (1500 ft) could be towed at speeds up to 15.46 
m/s (30 knots) provided the correct depressor force is selected. However, using 
these calculations as towline performance predictions for specific lengths of 
towline must be viewed with some degree of caution due to the assumptions 


associated with the mathematical expression for Cg- 
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CONCLUSIONS 

Based on the results of the basin experiments of the integrated towline 
configurations, the following conclusions are made: 

1. A blunt nose integrated towline can be designed to tow in a satisfactory 
manner. For the 8-18-F towline evaluated in this report, acceptable kiting 
behavior is indicated by the low side-force coefficient of approximately 0.05. 
The degree of kiting, however, will be influenced by such factors as depressor 
tension, speed, scope and variation of asymmetries. Similarly, relatively low tow- 
line drag is indicated by the normal drag coefficients which varied from approx- 
imately 0.30 to 0.15 at Reynolds numbers from 2 x 10° to 6 x 10°, respectively. 

2. Alternating bevel truncation has little effect on the kiting characteris— 
tics and the normal drag coefficient configurations of-the blunt nose towline 
investigated in this report. 

3. Chordwise cuts tend to reduce towline kite with little effect on the 
normal drag coefficient, but may increase the towline tangential drag. However, 


reliability associated with these cuts has not been demonstrated. 


RECOMMENDATIONS 

The following is recommended: 

1. Longer lengths of the blunt nose towline (based upon the 8-18-F geometry) 
should be evaluated at-sea to verify the 8-18-F loading functions, normal drag and 
side-force coefficients, and hydrodynamic stability determined during basin 
evaluations. 

2. A series of towline samples based on the 8-18-F shape with systematic 
variations of cross-sectional dimensions and material properties should be 
evaluated to determine the interactive effects of hydrodynamic and structural 
scaling on towline performance. 

3. If chordwise cuts are implemented to reduce towline kite, the reliability 


of the towline should be investigated. 


38 


REFERENCES 


1. Johnston, J. W., "At-Sea Evaluation of Four Modified NACA 0020 Integrated 
Faired Towline Designs,'’ DINSRDC/SPD 0920-01 (October 1979). 


2. Stottmeister, H. P., “Experimental Evaluation of Several Section Shapes 


for Integrated Faired Towline Design," DINSRDC/SPD 0966-01 (January 1981). 


3. Springston, G. B., Jr., "The DITMB Mark 1 Knotmeter," David Taylor Model 
Basin Report 1944 (December 1964). 


4. Knutson, R., "BASIC Desktop Computer Program for the Three-Dimensional 
Static Configuration of an Extensible Flexible Cable in a Uniform Stream," 


DINSRDC/Research and Development Report (to be published). 


5. Perkins, C. D. and R. E. Hage, "Airplane Performance Stability and 
Control," John Wiley and Sons, Inc., New York (1950), pp. 101-103. 


39 


THIS PAGE INTENTIONALLY LEFT BLANK 


40 


APPENDIX 


CALCULATED KITING BEHAVIOR OF CONFIGURATION A-1 AT SELECTED 
TOW SPEEDS, TOWLINE SCOPES AND DEPRESSOR CONFIGURATIONS 
Basin performance data for the towline configuration A-1l sample length pro- 
vided the information necessary to develop mathematical expressions for the normal 


drag and side force coefficients given below: 


Cp 0.0698 + 59603.9/R, (6) 


Co 0.0269 + 11680.7/R, (7) 

These mathematical relationships in conjunction with the drag and side force 
loading functions, the physical characteristics of the towline, and the computer 
program for determining the three-dimensional equilibrium configuration of a 
towline-body system were used to calculate the towline configuration for selected 
towline scopes, tow speeds and depressor tension vectors. The resulting 
calculated towline catenaries can be used to examine the influence of these 


selected parameters on towline kite angle at the towing platform. 


PROCEDURES 

Calculations of the towline configuration were carried out by systematic 
variations of towline scope and depressor tension over a range from 91 m (300 ft) 
to 610 m (2000 ft) and 0.4 N (0.1 1b) to 35.6 KN (8000 1b), respectively, at tow 
speeds of 5.15 and 15.46 m/s (10 and 30 knots). All of the depressor configura- 
tions selected for this analysis had a lift-to-drag ratio of 4.7 (> = 78 degrees) 
with variations of the depressor configuration only consisting of changes to the 
Magnitude of the tension force. The values of Cp and Co were determined using the 
mathematical expressions presented above for tow speeds of 5.15 and 15.46 m/s (10 
and 30 knots). 


RESULTS 
The results of the calculations for tow speeds of 5.15 and 15.46 m/s (10 and 
30 knots) are shown graphically in Figures A.1 and A.2, respectively. Both of 
these figures present the kite angle at the towing platform as a function of 


depressor force for selected scope lengths. 
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DEPRESSOR TENSION (kN) 
fe) 5 10 15 20 25 30 35 


SPEED: 10 KNOTS 
DEPRESSOR L/D: 4.7 ($= 78 deg) 
Cg = 0.0695 


2000-ft 
TETAS Tocorn 
—_ 600-ft 


KITE ANGLE AT THE TOWING PLATFORM (degrees) 


9) 1 2 3 4 5 6 7 8 
DEPRESSOR TENSION x 10° (Ib) 
Figure A.l - Kite Angle as a Function of Depressor Tension 


at Selected Towline Scopes at 5.15 m/s (10 Knots) 


DEPRESSOR TENSION (kN) 
O 5 10 15 20 25 30 35 


SPEED: 30 KNOTS 
DEPRESSOR L/D: 4.7-(= 78 deg) 
Cy = 0.041 
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KITE ANGLE AT THE TOWING PLATFORM (degrees) 


(0) 1 2 3 4 5 6 7 8 
DEPRESSOR TENSION x 10° (Ib) 


Figure A.2 - Kite Angle as a Function of Depressor Tension 
at Selected Towline Scopes at 15.46 m/s (30 Knots) 
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